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SECTION I 
INTRODUCTION 


This report presents the results of an experimental 
evaluation of the single stage supersonic axial compressor 
described in Reference 1. This compressor was designed for an 
over-all stage total pressure ratio of 3 to 1 at an isentropic 
efficiency of 82 percent. Design tip speed was 1600 ft/sec at 
standard conditions and the inlet hub/tip radius ratio was 0.75. 
There were no inlet guide vanes. 


The compressor tested was designed for diffusion levels 
beyond the range of past experience in both rotor and stator. 
This choice was deliberate in order to provide a suitable test 
bed for the evaluation of boundary layer control devices 
applicable to a compressor and to obtain data at values of 
Diffusion Factor above 0.5. As initially tested, no boundary 
layer control devices were installed in the compressor. It was 
not anticipated that design goals would be met with the initial 
configuration, and indeed they were not. 


The second section of this report describes the test 
facility flow path, the compressor test vehicie, and the 
complete instrumentation system. Section III describes the 
procedures used in taking data and subsequently in reducing the 
data. The results of the test are presented in Section IV. 
Section V, the last section, summarizes the conclusions drawn 
from the data and indicates the choice made for the first 
configuration modification. 
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SECTION II 
APPARATUS 


1s FACILITY FLOW PATH 


The test facility used is of the open-loop variety. It is 
schematically shown in Figure 1. Air enters the facility 
through a filter designed to remove five micron particles with 
2 99.5 percent efficiency. The air then passes through a 39-inch 
duct to a Dall Flow Tube located about six pipe diameters 
downstream. About two pipe diameters further downstream, the 
air is turned 90 degrees with the aid of turning vanes and then 
passes through a perforated plate designed to reduce inlet 
pressure approximately three psi at 24 lb/sec flow at standard 
atmospheric conditions. Following this, the air passes through 
a tube bundle and subsequently enters a 48-inch diameter settling 
chamber. The settling chamber contains a perforated conical flow 
spreader and two screens patterned after the model investigation 
reported in Reference 2. From the s¢eitiing chamber, air enters 
the compressor through a direct~coupled bellimouth. Air leaving 
the compressor is deflected radially outward to a peripheral 
throttle. The throttle consists of one stationary and one 
rotating cylindrical ring, each with i6 circumferentially 
distributed matching holes. Throttling takes place at a diameter 
of approximately 47 inches. Downstream of the throttle, the 
flow enters a collector, from which it is passed through a 24-inch 
duct tc a silencer, and back to the atmosphere. A fast-acting 
poppet type valve, bypassing the throttle valve, is also 
available to relieve surge conditions. A cutaway irawing of 
the complete test facility is shown in Figure 2. 


2. COMPRESSOR TEST VEHICLE 


A cross section of the research compressor is shown in 
Figure 3. The design employs a cantilevered rotor supported by 
four 0.5-inch tnick bearing support struts with leading edges 
located about two stator chord lengths downstream of the stator 
trailing edge plane. The rotor tip diameter at the leading edge 
is nominally 18 inches. 011 seals are controlled gap carbon 
seals with an air barrier. No oil leakage into the flow path 
has ever been experienced. Cold rotor radial tip clearance 
with the rotor at rest is .037 to .039 inch. Hot clearance at 
design speed is predicted to be approximately .020 inch or 
about 0.6 percent of the mean rotor chord. The rotor shaft is 
mounted on ball bearings. Radial runout does not exceed .0005 
inch. The bulletnose and inlet hub flow path are supported by 
six bi-convex struts in the inlet. The flow area contraction 
ratio between the trailing edge plane of the struts and the 
leacing edge plane of the rotor is 2.72 to 1. Surface finish 
on all surfaces adjacent to the flow upstream of the bearing 
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support struts is 32 microinches or better. An abradable 

coating has been employed in the casing adjacent to the rotor 

tip. However, no rubs have been experienced, even in stall. The 
rotor is of integral construction, the blades and disc being 
machined from a single forging of 6A1-4V titanium. The stator 
blades are individually inserted but are machined integrally 

with platforms at hub and tip. The gap between adjacent platforms 
lies in the range of 0 to .002 inch. A photograph of the rotor 

is shown in Figure 4. Photographs of stator blades are shown 

in Figure 5. 


3. COMPRESSOR INSTRUMENTATION 


Aerndynamic instrumertation in the compressor consists of 
measuring points in stator leading edges for total pressure and 
temperature, rakes downstream of the stators for total pressure 
and temperature, a large number of static pressure taps 
distributed on the inner and outer flow path and on the surface 
of one pair of stator blades, and dynamic wall pressure 
measurements made over the rotor tip. Measurements of inlet 
tota. pressure and temperature, mass flow, relative humidity, and 
rotor speed are accomplished outside of the compressor and are 
discussed in paragraph 4 of Section II. The Supersonic 
Compressor research vehicle has a total of 133 sensors 
measuring aerodynamic parameters at various points throughout 
the stage. Refer to Figure 3 and Table 1 for specific 
locations. Some of the static pressures are sensed at more 
than one point and are manifolded to become, in each case, 

a single measurement. Figure 6 shows the vehicle instrumentation 
bulkhead. 


a. Temperature Measurements 
(1) Location 


A total of thirty-nine Chromel-Alumel thermocouples 
are used to sense temperature. Four are mounted in the plenum, 
ten are mounted in the vane leading edges and twenty-five are 
located in the five discharge plane rakes. The vane leading 
edge and the rake mounted thermocouples are of the slot vented 
probe type (Figures 7, 10.a., and 11). A detailed analysis of 
the features of the slot vented design, along with recovery 
factor characteristics, may be found in Reference 3. ‘The rakes 
were designed with the sensors dividing the discharge annulus 
into equal radial increments while circumferential spacing is on 
Givisions equal to 2.2 times the distance between vane trailing 
elges. The single exception is one temperature rake which is 
misplaced three degrees circumrerentially. 


The ten stator leaaing edge thermocouple probes 
are mounted on four vanes with two vanes having two thermocouples 
and two vanes having three thermocouples. As with the discharge 
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rakes, these probes are also spaced ts radially divide the 


stator annulus into five equal incremerts; however, in this case 
with two sensors per radius. 


(2) Calibration 


All thermocouples were :abricated from individually 
insulated, single rolls of Chromel and Alumel wire. Samples 
were taken periodically along the rolis as the thermocouples 
were made for vehicle installation. These sample thermocouples 
were calibrated against a model 162 platinum resistance bwl1b 
primary standard manufactured by Rosemount Engineering Company. 
A constant temperature o11 bath, made by Lauda Division of 
Brinkman Instruments, Inc. was used as the heat medium. The 
buth was set at four different temperatures within the range of 
interest. The results, indicated in Taosle 2, show a worst 
case error of plus or minus 0.5°F at the highest temperature. 


With thermocouples calibraved .s indicated, the 
entire clectronic system employed to record temperature data was 
examined. The results are shown in Table 3. Taking the worst 
case error, at the highest temperature, for both the thermocouples 
and readout system yields a maximum error of plus or minus 0.9°F. 
The more realistic RSS error goes from 0.23°F at 150 degrees to 
0.65°F at 350 degrees. Finally, when recovery factor variation 
is added, the RSS error at 350°F becomes pius or minus 1.0°F. 
Figure 8 depicts the equipment used in the calibrations. 


b. Pressure Measurements 
(1) Location 


Thirty-five static (PS) and thirty-five total (PT) 
pressures are measuved in the vehicle flownpath. Twenty-five 
of the static taps are distributed at varicus points on the 
compressor flowpath liners. In particular, ten of these are 
located over the rotor blade tip, starting at '.25 inch axially 
forward of the leading edge and following at 0.25 inch axial 
intervals extending downstream. A further ten statics are 
located approximately mid-chord radially on two vanes with 


seven suction side taps on one vane and three pressure side 
taps on the other. 


The ten vane mounted total pressure probes are 
of the Kiel stagnation tube design (Figure 9) and are mounted 
with two sensors on each of two vanes and three on each of two 
other vanes. All are radially located to divide the annulus 
into five equal parts, witn two measurements per radius. The 
other twenty-five are impact tubes mounted as five radial rakes 
of five sensor: eacn, dividing the discharge annulus into equal 
increments and circumferentially spaced in a manner similar vv 
that of the temperature rakes. An impact pressure rake is shown 
in Figure 10.b. 
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taps placed over the rotor blade tips are eight Kistler Model 
Number 603A pressure transducers and a Bentley Model 316 
proximity detector. Because of problems observed at high speed 


with the Kistler dynamic pressure data, no further mention will 
be made of this system. 


(2) Calibration 
’ Four Statham strain gage type transducers are used 
to convert the various pressures into electrical signals for 
processing through readout and recording. One transducer is 
located in each of four, forty-eight port Scanivalve sequential 
pressure switching devices. The pressures to be sampled are 
connected to od2 numbered ports while moderate vacuum is applied 
to all even (Roughing) ports to minimize hysteresis effects. 


Three calibration pressures are sensed by ail four 
Scanivalves con every scan. These are barometric, 15 PSIG and 
3C PSIG. The 15 and 30 PSIG standards are supplied by Ametek 
Model PK-30 self-regulating, primary deadweight type, pressure 
standards referenced to atmosphere. The computer software used 
for data reduction corrects these two gauge values against 
variation in local barometric pressure and creates a new 
transducer calibration curve for every scan. Two absolute 
calivration pressures have been added to this system for use 


in future tests and the barometric calibratica pressure has been 
eliminated. 
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c. Readout Electronics 


Data is collected and recorded through use of a Hewlett 
Packaid <°12B Data Acquisition System (DAS). This system is 
comprised o. 2 2911 guarded crossbar scanner, 2547A coupler, 
2402A integiature Aieit-" \,oitmeter, 5050B digital recorder 
and a Kennedy 1506 incremental tape recorder. 
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As previously stated, pressure measurements are routed 
through four Scanivalve units using Statham transducers for 
conversion into electronic signals. A "Scanivalve" offers the 

advantage of using the same transducer to measure many pressures 
and lends itself to on-line calibration as described above. An 
interface unit was built t>» progrem the Scanivalves, along 
; with other parameters, into tre HP DAS in u manner which 
minimizes scanning time withou compromising transducer settling 
time. Instead of sampling the same port on all vaives 
sequerctially before stepping to the next port, the digital 
interface causes each valve to move through its next roughing 
port to its next data point immediately after being interrogated. 
Each transducer then has an opportunity to settle out at its 
next test pressure while two others are sequentially interrogated. 
| 


This sequence is repeated until all ports are sampled. 
Approximately six seconds lapse for the entire procedure. 


Thermocoupje outputs are routed through a Kaye 
Instruments’ Model 170 electronic ice point reference into 
_the interface unit and then to the HP DAS. 


r 
{ 4, TEST FACILITY INSTRUMENTATION 


a. Rotor Speed 


A Bentley Model 306 transducer senses six grooves 
rachineu into the gearbox/rotcr driveshaft coupling. The 
output is fed into a Model 3115 proximitor for signal 
conditioning. The proximitor signal is a train of pulses having 
a repetition rate corresponding to rotor RPM/10. This 
repetition rate is directly recorded by the HP DAS. A Bentley 
Model 5030 digital tachcmeter provides a visual indication of 
rotor speed accurate to ten RPM. The tachometer also includes 
an adjustable speed limiting switch as a safety feature. 


b Mass Flow 


Inlet pressure is metered through a product series 
122 Dall tube venturi manufactured by B.I.F. Industries with 
a 12.687-inch throat. Metering accuracy has been calibrated to 
plus or minus one-half percent by the manufacturer. Static 


pressure taps are located both in the throat and in the inlet 
cavity. 


ec. Inlet (Plenum) Total Pressure and Temperature 


Compressor inlet total pressure is assumed equal to 
plenum static pressure just downstream of the last screen. 


Four static taps are manifolded into one pressure and recorded 
on two separate Scanivalves. The maximum error associated with 
this assumption is 0.06 percent. Temperature is sensed by 

four vare junction thermocouples located in the same axial plane 


as the pressure taps, and supported on two crossed cables. 


dad. Analog Compressor Mapping 


An on-line plot of stage pressure ratio vs pseudo mass 
flow was effected through use of a Mosely MoJjel 2FRA X~Y plotter. 
Teledyne pressure tranducers were used to sense stage inlet 
POl, stage exit rus from a mid-radius stagnation tube and hub 
Pl (measured 0.25 inch upstream of the rotor). Operational 
amplifiers were used to ratio exit P03 to inlet PO1 and also 
to ratio hub Pl to inlet P01. Stage pressure ratio was used to 
excite the Y-axis while 1 - (P1/P01) was sent to the X-axis. The 
approximate compressor map so obtained was used to select a 


reasoiable distribution of throttle settings at which to record 
devatied data. 
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e. Relative Humidity 


A Foxboro Dewcel Model 2711TG-K222 was mcunted in the 
inlet stack to monitor humidity. This device continuously 
measures the moisture content of the air by sensing the 
temperature at which the partial pressure of its water vapor is 
equal to the water vapor pressure of a saturated salt solution. 
The humidity information is acquired by the DAS as a thermocouple 
reading on every test run and subsequently treated in the Phase I 
data reduction program. 
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SECTION III 
TEST PROCEDURE AND DATA REDUCTION 


1. TEST PROCEDURE 


Test data was taken in order of increasing speed, each 
speed-line being entirely probej before any data at higher speed 
was acquired. The‘on-line analog x-y plot capability discussed 
in paragraph 4.d. of Section II was used to select the test 
points, since on-line data reduction was not available. 


For each speedline, test data was first acquired at a 
partially-closed exhaust throttle setting, after which the 
compressor was gradually throttled to induce stall. After 
recovery, data was taken at several points as the throttle was 
opened from near~stali to wide-open. Stall was indicated by 
two sources: the dynamic pressures across the rotor tip, which 
were displayed on osciiloscopes on the test operator's console, 
and a microphone in the plenum. Sudden oscillations of the 


above-mentioned x-y plotter were further indicators that stall 
had occurred. 


Data was acquired at the rate of about one speedline per 
hour. On dates when elevated speed lines were investigated, a 
single test point at each otf several lower speeds was taken to 


assure data integrity by comparison to previously-acquired data 
at these lower speeds. 


Prior to each test, an atmospheric pressure reading was 
obtained from a mercury barometer at the test site. “he rig 
was initially brought up to speed and then monitored for about 
ten minutes, when it was assumed equilibrium had been reached. 
A five-minute dwell at each throttle setting was observed prior 
to data acquisition. One data scan per test point was acquired 


for speeds below 96 percent, wich two scans per point at 90 and 
100 percent design speed. 


A lé-character test identification number was manually 
assigned to each test point and acquired by the DAS as the first 
item of information during data acquisition at that point 
(character 1: last digit of year; characters 2-3: numerical 
month; characters 4-5: numerical day of month; characters 6-7: 
test point number on that particular date; characters 8-10: 
numerical throttle setting; characters 11~12: last two digits 
of the nominal percent-speed (e.g., 82% = 82; 100% = 00)). 


Wiiere two scans were taken at a particular test:point automatically, 


each scan bears the same test identification number. 
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A spike in the facility vibration signature corresponded 
to 80 percent corrected design speed on the date this data was 
to be acquired. This required an increase to 82 percent of 


design speed before vibrations were judged adequate for continuous 


running and data acquisition purposes. 


Finally, a listing of all raw experimental data which was 
acquired during testing of this stage is provided in Appendix D 
and all computer input data used for Phases I and II of the data 
reduction is provided in Appendix B. 


2. DATA REDUCTION - PHASE I 


Phase I reduction of the test data was accomplished using 
a slightly modified version o1 the computer program described 
in Reference 4. One of the equations of that reference, and 
the associated computer coding, is in error; hence several 
input and cutput data changes were made. 


The erroneous equation is Equation 18, which is used to 
correct une measured mass flow for standard inlet conditions. 
The correct relationship i: 


We = Ws: Pstd 4 Toy 
Pol \ Tstd 
This requires a modification to card CALC 266, which 
should read 


WCORR (I) = WACT (1)/FAC2 * SQRT(FAC1) 


The experimental data was acquired on magnetic tape, but in 
different format from that described in Reference 4. The twelve 
characters of each data item were recorded in two ten-character 
computer "words," the first consisting of seven leading zeroes 
(or blanks) and the first three data characters, the second 
consisting of a leading blank and the final nine data characters. 
A specia.. subroutine (TPRED) was written to accommodate this 
data cont'iguration and allow for high-speed data transmittal 
from tape to computer. A call to this subroutine replaces 
cards MAIN 52-53 in the main program, ard also appears in 
subroutine INPUT, a current listing of which appears in 
Appendix C, as does a listing of Subroutine TPRED. 


Other changes in Subroutine INPUT (Program INPUT, in this 
use, since the overlayed version of REDUC was used) reflect 
changes in the instrumentation configuration from the time the 
program was published until the vehicle was tested. These 
changes are briefly discussed below. 
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Three additional types of pressure data were available at 
the time the vehicle was tested, which required extensions of 
data items "L1" and "ITPR" of Program REDUC, as follows: 


[ 
| La 
| L1 = 14 Flowpath static pressure between blade rows 
Li = 15 Flowpath static pressure just upstream of rotor . 
| L1 = 16 Atmospheric pressure j 
ITPR ; 
: Data Type (See Ll) Sequence of Channel Codes in Array ITPH 
f i 
Ll = 14 Similar to Ll = 7 
Ll = 15 Similar to Ll = 7 { 
Ll = 16 Any sequence 
The pressure calibration system (described in Section ; 
II.3.b.(2)) required a modification to the program of Reference 4 
also. A new input item, IATGG, was added just prior to item PSI, 
the array of calibration pressure magnitudes, to indicate 
whether each such pressure was an absolute or gauge (relative to 
atmospheric) measurement (IATGG = 0, absolute; IATGG = 1, gauge). 
The magnitude of rotor wheel speed was provided as RPM 
4 


divided by ten, rather than in cycles per second as anticipated 


in Reference 4, This required a slight change in the relevant 


computer coding in Subroutine INPUT. 


Only minor modifications to other routines were required { 
in program REDUC. The number of datu acquisition channels is } 
now required on the first data card as well as in the "Instru- 
mentation Data Deck." This is to allow the program user to 
select the data-skip option if he so desires. | 

{ 
i 
] 
{ 


Minor additions and changes to the format of the output data 
were also made. The version of Subroutine OUT used in the 
presentation of this data is listed in Appendix C. 


3, DATA REDUCTION - PHASE II ) 


Phase II reduction of the test data was accomplished using 
a modified version of the computer program described in 


Reference 5. The important elements of the modifications are 
described in this section. 


4 
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Two erroneous FORTRAN statements were detected during the 
data reduction, necessitating revision of cards U2 1849 and 
U2 1862. Pespectively, these cards should read 


IF (X2.EQ.0.) GO TO 584 


It was found necessary to strictly control the manner in 
whicn extrapolations were made from the experimental data 
toward each flowpath boundary. This control was achieved 
through use of a new input item NEX (NEX = 0, the radial 
gradient between the last two data points nearest a wail is 
extrapolated linearly to the wall; NEX = 1, the data value ei 
the outer casing is assumed to have a value midway between the 
| value it would have with NEX = 0 and the value of th2 data point 
t 
5 


| 
| 
! 
, 


b 
IF (NCALC(I+1).LE.1.0R.IC1.6T.2) GO TO 600 
| 
H 
i 
k 
5 
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nearest the wall; NEX = 2, the data at both hub and case is 
extrapolated as with NEX = 1). The coding associated with the 
implemen.ution of this option is presented in Appendix C, where 
Program C2 as modified is presented. 


In many cases, it was also found necessary to change the 
manner in which deviation angle is specified within the blede 
in order to obtain converged through-the-blade solutions. 
Rather than specifying rotor deviation chordwise as a percent 
of trailing edge deviation, as suggested in Reference 5, the 
program was modified to treat data item RDEV as an absolute angle, 


in degrees. This required a modification to card U2 1961, 
which becomes 


TANR(J) = TAN(ATAN(TANA(J)) + XX3(J)/C1) 


Another change in the computational scheme involves the 
limiting of the range of allowable blockage estimates when 
analyzing data by iterating on casing static pressure measurements. 
Without such restraints, the program may increase or decrease 
blockage to unrealistic levels in an attempt to compute static 
pressures which match the measured casing static pressures. 

The boundary layer and wake blockage was constrained between 
Q. and 30 percent by two cards, 


IF(BLCKGE(I).LT.0.0) BLCKGE(I)=0.0 
IF(BLCKGE(1I).GT.0.3) BLCKGE(1I)=0.3 


inserted between cards U2 2130 and U2 2131. 


A similar change involved the establishment of a minimum 


allowable level of computed static temperature. This required 
modification of two subroutines: 


E2 
Q@ = FF1(TIN)/1.25 U2 1982A 
IF (XZ.GE.Q) GO TO 228 U2 1985A 
XZ = Q U2 1985B 
228 CONTINUE v2 1985c 
12 
X2 = FF1(TIN)/3.0 U2 2126A 
IF(X1.LT.X2) Xl = X2 U2 2126B 


A jump statement was required in Program C2 because the 
corrections to the measured thermocouple data in the stage 
discharge plane are made during the Phase I data reduction. 
This statement, inserted between cards U2 1569 and U2 1570, 
is illustrated in the listing of Program C2 (Appendix C). 


A jumo statement was also used in Program B2X to skip the 
read-in of flow angle data in the stage discharge plane, since 
no such test data is available. This statement, and related 
coding changes, are presented in the listing of Program B2x 
(Appendix C) in the vicinity of card U2 1425, 


The static pressure at the stator trailing edge was defined 
as equal to the static pressure at the downstream instrumentation 
plane in the r~ogram in order to obtain more realistic computed 
static pressures across the stator. The related coding appears 
near cards U2 1441 and U2 1452 (Program B2X). 


Also presented in the listing of Program B2X is the deck 
re-ordering which was utilized in the multiple-data-set 
reductions whereby the final streamline pattern of the previous 
data set may be used as a first guess of the streamline pattern 
“or the subsequent set. This option (new input item NSAVE = 1) 


resulted in significant savings of computer time in multiple- 
set reductions. 


Several new convergence and diagnostic aides have been 
incorporated into Program D2. Among the more significant of 


these changes is one which involves a skip of the continuity 
sums until the momentum equation sums have nearly converged. 
Other changes are presented without comment in the listing of 
Program D2, which appears in Appendix C. 
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Three other program modifications were made, one essential 
and two merely convenient. In several instances, it was found 


t 
necessary to change the damping factor S in the "streamline 


relaxation factor" (Reference 5) in order to obtain converged 
solutions within a reasonable number of iterations. A new 
input data item DAMPF was devised whereby,tf DAMPF is other 


! 1 
than zero, £ becomes — The associated computer coding 


is illustrated in Program D2 (Appendix C) in the vicinity of 
card Ue 1897. 


T.e "ecnvenient" changes referred to in the above paragraph 
are in regard to producing on-line plots of the Phase II data 
reduction. Data input items PLOWER and PSCALE were added to 
allow the program user to set the vertical axis minimum and 
scale, respectively, of the axial static pressure plot. 
Furthermore, the plot of stator incidence was constrained to 
have a maximum spread of twenty-eight degrees. Thus the plots 
of stator incidence referred to in the "Results" section of 
this report must be considered appropriately. 


The new data items PLOWER, PSCALE, DAMPF, NSAVE, and NEX 
described above are read in the main program (UD02060) and 


transferred to routines B2X, C2, D2, and F2 via a labeled 
COMMON statement. 
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SECTION IV 


RESULTS 


lice OVER-ALL PERFORMANCE 


The mass-averaged performance of the rotor and of the 
complete compressor stage is tabulated in Table 4 and plotted 
in Figure 12. As shown on the compressor map, the performance 
of this machine in terms of flow, pressure ratio, and efficiency 
deteriorated rapidly with increasing speed. At 100 percent 
design corrected speed, corrected flow was approximately 30 


percent low, rotor efficiency was 14 points low, stage efficiency 


was 21 points low, rotor total pressure ratio was 2.63 versus 
approximately 3.3, and stage total pressure ratio was 2.25 
versus 3.0. The compressor was throttled to stall at each 
corrected speed shown on the map. The data point nearest stall 
in each case was taken at a throttle opening approximately 0.5 
percent further open than the setting which precipitated stall. 
This change in throttle area is equivalent to about 0.9 percent 
of the annulus area at the rotor inlet. 


2.  BLADE-ELEMENT PERFORMANCE (ACROSS BLADE) 


The radial distributions of relative inlet Mach number, 
incidence angle, loss coefficient, deviation angle, and 
aiffusion factor for both rotor and stator are presented in 
Figures 13 through 82, using Tables 5-11, for each data point 
shown on the compressor map. One set of these five radial 
distributions is presented for each blade row at each corrected 


speed. In each of these sets, the distributions for all throttle 


settings are superimposed on each respective plot. As 
described earlier in Section III, this data was reduced 

using the full radial equilibrium equation with the equations 
of momentum, continuity, etc. satisfied at each computing 
station for each streamline. This data, also used for the 
compressor map, was reduced with computing stations only at 
blade-row edges and in free spaces; there were no computing 
stations internal to blade rows. 


3. BLADE-ELEMENT PERFORMANCE (WITHIN BLADE) 


The data point nearest maximum stage efficiency for each 
operating speed was selected for more detailed analysis. The 
more detailed analysis involved the introduction of four 
additional computing stations within the rotor. The data 
reduction was then accomplished in the same manner as before, 
with blockages and deviation angles internal to the rotor 
adjusted so that calculated and measured static pressures along 
the casing adjacent to the rotor tip were as nearly coincident 
as possible. The results of these analyses include plots of the 
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radial distribution of the same five parameters for rotor and 
stator described in the preceding paragraph (Figures 83 through 
152), plots of the experimental and calculated axial distribution 
of static pressure at hub, mean, and case (Figures 153 through 
159), and a complete aerodynamic description at each computing 
station - streamline intersection (Appendix A). Tables giving 
the stator suction- and pressure-surface static pressures 

for these test points have been included in Appendix B. 


4, ROTOR TIP DYNAMIC PRESSURE MEASUREMENTS 


The dynamic distribution of static pressure over the rotor 
tips was measured during operation. This data was primarily of 
interest for determining shock patterns in the rotor tip region. 
Signals obtained at low speeds were clean and consistent. 
However, at high speeds where measurements were recorded, it 
was found that extreme unsteadiness resulting from high rotor 
incidence angles made the data unuseable. Consequently, none 
of this data is presented. The principal value of these measure- 


ments proved to be a means of qualitatively assessing flow 
stability during the test. 
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SECTION V 
CONCLUSIONS 


The performance of this compressor stage was so far below 
its design point in all respects - flow, pressure ratio, and 
efficiency - that it seemed pointless to pursue the boundary- 
layer-control investigations originally nlanned at this time, 
No form of boundary layer control practical to install in a gas 
turbine engine was thought capable of producing a useful 
improvement on this stage. Such forms of control as massive 


suction were not considered to be of practical interest for 
this application. 


Principal attention at this point was devoted to an attempt 
to understand why this stage performed as it did and in turn to 
determine what kind of configuration change might allow it to 
perform more closely to its design objectives. Low rotor total 
pressure ratio and low flow logically occur together in a stage 
of this general type because the stator operates choked over a 
significant portion of the speed range. In this instance, the 
stator first choked at about seventy percent corrected design 
speed. An examination of the radial distributions of rctor 
deviation angle from forty through seventy percent corrected 
speed shows that, except for a steep increase very close to the 
tip, the experimental distributions were relatively near the 
design distribution. The design distribution shown in 
Reference 1 is reproduced in Figure 160 in this report. However, 
between seventy and eighty-two percent corrected speed, deviation 
increased nearly fifty percent and remained high up to design 
speed. To see what relationship rotor deviation might have to 
rotor incidence, the mid-radius values of these parameters were 
cross plotted for the data sets presented in Appendix A. This 
eross plot is shown in Figure 1€1. The interesting result is 
that rotor deviation is seen tc ve a steep and linear function 
of incidences from forty to eighty-two percent corrected design 
speed. Deviation increases apnroximately three degrees for 
every degree increase in incidence angle. Deviation peaked 
at ninety percent speed and declined slightly at design speed. 
Whether this apparent peaking and decline is meaningful or is 
simply a result of the arbitrary mid-radius location selected 
to make this plot was not investigated. 


The main conclusion drawn from the collective body of data 
is that vne behavior of the rotor deviation angle as a function 
of incidence was such that, as the rotor was forced to operate 
at high incidence angles at part speed, the relative turning 
angle across the rotor was reduced too rapidly for the compressor 
to recover as design speed was approached. If the compressor 
were operated above design speed, the pressure ratio might 
increase sufficiently rapidly to allow rotu. incidence to drop 
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significantly. However, the slope of peak rotcr efficiency 
versus flow on the compressor map indicates that a relatively 
large overspeed might be required and increasing shock losses 
would probably make a significant reduction of incidence 
unrealizable. An increase in stator throat area would allow the 
rotor to operate more efficiently and at a higher pressure ratio. 
However, it appears unlikely that this alone would be sufficient 
to cause the rotor to operate reasonably near its design point, 
and part-speed performance might still pose a problem. 


The solution to this problem appears to lie in achieving 
better control of rotor deviation angle. Better control, in 
this instance, means both a reduction in the absolute value of 
deviation angle at high back pressures and a reduction in 
the variation of deviation with incidence angle to improve part- 
speed operation. The obvious method of achieving both of these 
goals is an increase in rotor solidity. However, since the 
solidity of the tested rotor was already approximately 2.0, an 
increase in solidity sufficient to control the deviation angle 
would lead to higher diffusion losses, probably also to higher 
shock losses due to increased incidence resulting from higher 
blade blockage, and would naturally result in greater weight. 
So little camber exists in the front part of the blade between 
the leading edge and the shock impingement point that higher 
solidity in this region becomes a distinct disadvantage, 
particularly in view of the high local blade angle,which 
magnifies the blockage effect of edditional blades. On the other 
hand, near the trailing edge of the blade, the radius of 
curvature of the camberline is approximately equal to the blade 
spacing and the local blade angle is much lower. Increased 
solidity in this region should greatly improve flow guidance 
and the blockage effect should be minor. These considerations 
led to a decision to incorporate partial blades or "splitter 
vanes" in the aft portion of the rotor such as shown in Figure 
162. Details of this redesign and its performance will be 
published in future reports. 


Because this compressor operated so far from its design 
point at design speed, no serious attempt was made to draw 
additional conclusions from the data. At the time of writings 
this report, the above described rotor modification had already 
been tested and was largely successful. The discussion of cther 
performance factors will be expanded in the next test report. 
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TABLE I 


INSTRUMENTATION LIS? 


TYPE [____ LocaTION cans 
NUMBER | SENSOR [AXIAL | RADIAL | CIRCUMFERENTIAL | 


7800 


erg ST TEE ET 
ecg TTT 
a 


—— 


|_079 | 

ee ae 208°38' 

; 083 | T/C | 6.181 [8.280 243°58! 
Y0s4 | T/c_ | 6,181 [8,120 | 4°28' ‘| 
|085 | = T/C 60181 [8.120 |  _ 36°48" 

086 T/C 6.181 [8.120 [69° 7? ’ 

087 T/C 6.181 {8.120 208°38' Disch ake El emen 
6.181 [8.170 243°58! Disch. Rake Element | 
| 085  { t7C  { 6.181 {7.960 4°28" Disch. Rake Element | 

O90 | T/C 6.181 17.960 J 26°43" isch, Rake Element | 

OS | t7C | 6. 18i 17.960 [69° 7" isch, Rake Eleme 

6.181 [7.960 208 °36! h. Rake Elemen 

q: T_T/C_ | 6.181 |7.960 243°58! Dischs Rake Elemex 
| 094 | T/C { 6.181 {7.800 | 428" ~pisch. Rake Element 
| 095 | ~=T/C_ | 6181 36° 48° isel’, Rake clement 
| 096 | T/C | 6,181 |7.800 69° 7! Disch. Rake Element 

097, | T/C 6. i6T [7.800 | 208°38F  Pisch. Rake Element 
6.181 |7.800 |  —-243°58° ~——« Pisch. Rake Element 
——— = eae 
ee See ae 
CEES: PE ss 
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TABLE I (ecntinued) 


LOCA 
AL 


SC aE = 
op | 310° rasing 
123 a 
125 a , 
1.75 [0__| 303" casing 
133] 
3.361! 8.184 
i RE A MT I 
Sens See |” ee 


| e 
f 


| 143 | Ref. | aaa tmos. 

oo 15 PSIG Reference 
147 | Ref. | 30 PSIG Reference 

————E 


eens eee 
| 201 | Atmos _| 
| 203 | 


| ttst™tsé‘“(tisCCBaometrice Pressure 


PS ae 
tor aes 
i ee 0 eee eee eee Same as 107 and 752 

209. [ PS | 4.281[8.192 [ Vane 16 ——__—s(Sucttion Side Vane __| 
211 [PS | 4.559[ 8.194 [ Vane 16s Suction Side Vane _| 
| 213. [PS _[-2.00 [mi [| 45° & 135° [two Manifolded Taps| 
PF 215 | PS | -2.00 [ID | —-225° & 315° [two Manifolded Taps 
rae te ta teeta pec 
219 | PS _{-2.00 {| OD | 225° & 315° wo Manifolded Tap 
| 221 [Pps | 2.25 [op | Vanes 18,22, [Four Manif, Taps __| 
a es PE eee eee ee” em ee ee ee 
223 ps__t 2.25 {1p __| _113.57.156.5°_ oux_ Man aps 
Mat ne So" pees aah 290.5°&334,5° | 
P2254] | 6.181| 0D | 60° asing ss 
227. | PS | 6.181] 0D 120° Casing 
229 PS 6.181| OD 252° easing ______ 
PPS. rod. Casing 
(ID 
r (ID 
PS ECR 
239. =| pS. 6.1e1 | ID 
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TABLE I (continued) 


ITEM TYPE 


SENSOR 


NUMBER 
ee 
| 243 | Ref. | | | t—~—(Csi‘C*iA tm, 
| 245 | Ref. || 3 $38 Reference _ 
247 Ref. | et 
ee ae: ees Ee eee 
| 305 | PS | 3.393 [8.175 | vane 17 
|_307_ | Ps | 3.837 | 8.189 | Vane 17 —ssséPres. Side of Vane | 
PS | 4.281 | 8.191 | Vane 17 _—~Pres, Side of Vane 
PT | LE | 8.371 | Vane 20 _—— Leading Bdge 
| 329 | PT UT LE [76871 | Vane 40  ~~—~Leading Edge i 
331 [ Pr. | 6.181 [ 7.800 | 20°47" Disch. Rake Element | 
| 333 | Pr | 6.181 [ 7.800 52°57! 
| 335 | Pr | 6.181 [7.800 | 195°29' Ss isch. Rake Element| 
337__ | Pr | 6.181 | 7.800 | 227°49' Ss_—sDisch. Rake Elemen 
8 ae: : Rake Elemen 
341. | Ref. [| fe Not Used ss 
S| Bebe ff tings 
| 345 | Ref. | = CS PSIG Reference 
ee ee es 
PAE RS Se RES Re ee ee et ee, 
| 401 | PTT 66181 | 7.960 [ 20°47" sPasch. Rake Element | 
| 403 | PT | 6-182 | 7.760 7 52°57" Pisch. Rake Element | 
| 405 | PT | 6.1ei [7.960 [ 195"29" isch. Rake Element | 
| 407 | PT | 6 dat | O_ | 227" 49" isch. Rake Element 
|.409, | PT | 
413 | PT 
| 415 | PT | 
| 417. | Pr if Disch. Raxe Element 
ae) ae ae 
| 423 | Pr Disch. Rake Element 
ee a ee Disch. Rake Element 
Disch., Rake Element 
|429 | PT | Disch. Rake Element 
|. 431 | PT | 
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TABLE I (coneluded) 


Disch. Rake Element 
Disch. Rake Element 
Disch. Rake Element 


Atmos, 


[orciniempmia | ___avnes 
< FRENTTA 


Kistler 


Flush MID. Kistler 
Flush MID. Kistler 
| ' D A a 

Mi ' ~ 
Bentley Transducer 


ei 
N 


O PSIG Reference 


15 PSIG Reference 


Sa ae 
eae 
39° 


fcc tS eee Se ere ET ee 


TABLE II 


CALIBRATION OF SAMPLE THERMOCOUPLES 


BATH SET PT AVG. OF 9 SAMPLES MAX. SPREAD 
°C oF oF 


aa ET ET TY 


+ OF 

65 148.1 148.4 ope 
100 211.4 210.° 0.1 
150 300.8 301.4 0.4 
175 346.5 346.4 0.5 


A Oil Bath Set Pt. 
B Mueller bridge readout converted to temperature. 


TABLE III 


CALIBRATION OF TEMPERATURE READOUT ELECTRONICS 


SET PT. PRINTER OUTPUT MAX. SPREAD 

Avet °F Avg* °F £20 

148.2 148.3 0.2 | 

210.7 210.7 0.2 : 

301.7 301.7 0.3 | 

345.4 345.5 0.4 | 

+ Average of two calibrated T/C's. 
* Average of eight channels. 
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TABLE IV 
MASS-AVERAGED COMPRESSOR PERFORMANCE 


ROTOR STAGE 
TEST I.D. SPEED PR n PR n MASS FLOW 
208180106840 40% 1.209 .99 1.161 772 11,54 
0315240 1.23 .927 1.2175 871 9.63 
0415840 1.23 901 1.215 844 8.91 
0514040 * 1.224 .957 1.204 879 10.34 
0612740 1.218 966 1.192 859 10.88 
0711240 1.214 981 1.179 829 11.21 
0806840 1.21 .988 1.16 768 11.59 1 
0901340 1.208 £989 1.151 729 11.60 
208220215850 50% 1.377 899 1.35 84] 11.48 
0315550 1.376 £915 1.35 857 11.93 
0415050 * 1.368 925 1.341 866 12.48 
0514450 1.366 944 1.331 861 12.86 | 
0613650 1.363 958 1.31 83 13.38 
0712550 1.361 966 1.292 .80 13.49 
0810950 1.362 .968 1.266 732 13.63 
0907550 1.36 969 1.237 661 13.66 
1215860 60% 1.58 .903 1.529 834 14.15 
1315560 1.577 .913 1.525 841 14.67 
1315260 * 1.573 92 1.515 840 14.88 
1514860 1.57 924 1.498 823 15.26 
1614460 1.573 93 1.475 791 15.25 
1713660 1.57 927 1.438 737 15.23 
1812760 1.57 927 1.414 701 15.19 
1911060 1.57 925 1.38 648 15.23 
208240215670 70%* 1.828 889 1.724 795 16.92 
0315570 1.827 .889 1.717 .79 16.90 
0415370 1.83 893 1.697 773 16.91] 
0515070 1.829 897 1.668 750 17.08 | 
0614270 1.828 892 1.615 698 16.99 
1115882 82%* 2.057 810 1.883 702 18.12 
1215782 2.065 815 1.876 698 18.18 
1315682 2.07 814 1.868 688 18.21 
1415582 2.076 818 1.861 ° .684 18.20 
1515382 2.079 819 1.838 67 18.31 
298300215890 90% 2.262 764 2.035 655 19.04 | 
0315990 * 2.28 773 2.049 662 19.25 
0415890 2.292 .778 = 2.041 658 19.33 
0515690 2.296 .779 2.013 643 19.60 
0615090 2.299 784 1.944 611 19.56 | 
0915800 100%* 2.594 733 2.247 609 20.76 
1015700 2.616 74) 2.24 607 21.10 
1115500 2.624 .743 2.226 601 21.15 
1215100 2.635 746 2.173 581 21.21 


* To be further considered in within-blade data reduction. 
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TABLE V 


IDENTIFICATION OF SYMBOLS 
FOR 40%-SPEEL ACROSS-BLADE FIGURES 


TEST IDENTIFICATION SYMBOL 
208180901340 x 
208180806840 A 
208180711240 4s 
208180612740 e 
208180514040 x 
208180415840 at 
208180315240 a 


208180106840 o. 


TABLE VI 


IDENTIFICATION OF SYMBOLS 


FOR 50%-SPEED ACHOSS-BLADE FIGURES 


TEST IDENTIFICATION 


208229907550 


208220810950 


208220712556 


208220613650 


208220514450 


208220415050 


208220315550 


208220215850 


SYMBOL 


4s 


I: 


TABLE VII 


IDENTIFICATIC * OF SYMBOLS 
FOR 60%-SPEED ACRUSS-BLADE FIGURES 


| 
| 
| 208221911060 Zz 


TEST IDENTIFICATION SYM?OL 

| 208221812760 A 

| 208221713660 a 

| 208221614460 Y 
208221514860 x 
208221315260 “ih 
208221315560 ih 


208221215860 ©) 
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Table VIII 


a ee 


IDENTIFICATION OF SYMBOLS 
FOR 70%-SPEED ACROSS~BLADE FIGURES 


i 

TEST IDENTIFICATION SYMBOL 
| 208240614270 

i 
| 


208240515070 a 


208240415370 


ee 


208240215670 oO 


NO 


ad 
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| 
| 
| 
| 
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IDENTIFICATION OF SYMBOLS 
FOR 82%-SPEED ACROSS~BLADE FIGURES 


TEST IDENTIFICATION 


208241515382 


208241415582 


208241315682 


208241215782 


208241115882 


TABLE IX 


SYMBOL 
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TABLE X 


; IDENTIFICATION OF SYMBOLS 
FOR 90%~SPEED ACROSS-BLADE FIGURES 


eg OR TT 


TEST IDENTIFICATION 


SYMBOL 
208300615090 & 

1 
208300515690 x : 
208300415890 5 

{ 
208300315990 eh 

4 
208300215890 


TABLE XI 


IDENTIFICATION OF SYMBOLS 
FOR 100%-SPEED ACROSS-BLADE FIGURES 


TEST IDENTIFICATION SYMBOL 
j 
208301215100 x 
| 208301115500 + 
208301015700 As 
: 
208300915800 oe 
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(40% Speed) 
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Fig. 58. Stator Mach Number vs Tnlet Radius 
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Fig. 85. Rotor Loss Coefficient vs Outlet Radius 
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Fig. 91. Stator Deviation vs Outlet Radius 
(Within-Blade Analysis, 40% Speed) 
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Fig. 95. Rotor Loss Coefficient vs Outlet Radius 
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Fig. 96. Rotor Deviation vs Outlet Radius 
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Fig. 97. Rotor Diffusion Factor vs Outlet Radius 
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Fig. 98. Stator Mach Number vs Inlet Radius 
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Fig. 99. Stator Incidence vs Inlet Radius 
(Within-Blade Analysis, 50% Speed) 
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Fig. 100. Stator Loss Coefficient vs Outlc : Radius 
(Within-Blade Analysis, 50% Speed) 
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Fig. 101. Stator Deviation vz Outlet Radius 
(Within-Blade Analysis, 50% Speed) 
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Fig. 102. Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 50% Speed) 
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Fig. 103. Rotor Relative Mach Number vs Inlet Radius 
(Within-Blade Analysis, 60% Speed) 
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Fig. 104. Rotor Incidence vs Inlet Radius 
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Fig. 106. Rotor Deviation vs Outlet Radius 
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Fig. 107. Rotor Diffusion Factor vs Outlet Radius. t 
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Fig. 108. Stator Mach Number vs Inlet Radius 
(Within-Blade Analysis, 60% Speed) 
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Fig. 112. Stator Diffusion Factor vs Outlet Radius 
(Within~Blade Analysis, 60% Speed) 
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Fig. 121. Stator Deviation vs Outlet Radius 
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Fig. 122. Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 70% Speed) 
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; Fig. 123. Rotor Relative Mach Number vs Inlet Radius : 
; (Within-Blade Analysis, 82% Speed) 
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Fig. 124, Rotor Incidence vs Inlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 125. Rotor Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 126. Rotor Deviation vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 127. Rotor Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 128. Stator Mach Number vs Inlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 130. Stator Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 131. Stator Deviation vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 132. Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 82% Speed) 
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Fig. 133. Rotor Relative Mach Number vs Inigt Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 134. Rotor Incidence vs Inlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 135. Rotor Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 136. Rotor Deviation vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 137. Rotcr Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 138. Stator Mach Number vs Inlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 139. Stator Incidence vs Inlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 140. Stator Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 141. Stator Deviation vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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' Fig. 142. Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 90% Speed) 
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Fig. 143. Rotor Relative Mach Number vs Inlet Radius 
(Within-Blade Analysis, 100% Speed) 
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Fig. 144. Rotor Incidence vs Inlet Radius 
(Within-Blade Analysis, 100% Speed) 
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Fig. 145, Rotor Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 100% Speed) 
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; Fig. 146. Rotor Deviation vs Outlet Radius 
: (Within-Blade Analysis, 100% Speed) 
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Fig. 147. Rotor Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 100% Speed) 
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Fig. 148. Stator Mach Number vs Inlet Radius 
(Within-Blade Analysis, 100% Speed) 
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Fig. 150. Stator Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 160% Speed) 
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(Within-Blade Analysis, 100% Speed) 
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Fig. 152. Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 100% Speed) 
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APPENDIX A 
PHASE II WITHIN-BLADE ANALYSES (COMPUTER PRINTOUTS) 


AE Ne ere Armee ca ecient S 1 


This appendix presents the aerodynamic results (in the 
form of computer printouts) of the Phase II within-blade 
. analyses for the seven test points selected for that analysis. 
The printout of input data which precedes the material presented 
herein has been removed in order to keep the number of pages 
. to a minimum. The input data used in each of these analyses 
is presented in Appendix C. 
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APPENDIX B 
COMPUTER INPUT DATA FOR DATA REDUCTION 
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Presented in this appendix is the computer input data used 
in conjunction with the programs of References 4 and 5 (as 
modified) to perform Phase I and II reduction of the experimental 
test data. Sections 1 through 4 of this appendix are listings 
of decks and subdecks which were relatively standard. The cards 
which were subject to change from test point to test point 
are indicated by an "*" in each section, and the changes to 
these cards are presented in Section 5 of this appendix as 
"exceptions" to the "common" or "standard" decks of Sections 1-4. 
Section 5 also presents a key for interpreting the information 
presented for each test point. 
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APPENDIX B 
5. INDIVIDUAL TEST INPUT DATA 
a. Key 
TEST IDENTIFICATION 


(1) Exceptions to Common Phase I Data (Appendix B.1 
ecards indicated by "#"). 


(2) Exceptions to Common Phase II Fixed (LOG1) Data, 
Across-Blade (Appendix B.2, cards indicated by "*"). 


(3) Exceptions to Common Phase II LOG4 ~- Part 1 Data, 
Across-blade (Appendix B.3, cards indicated by "*"), 


(4) Other LOG4 Data Required, Phase II Across-Blade 
FOR TESTS CONSIDERED WITH WITHIN-BLADE ANALYSIS 


(5) Exceptions to Common Phase II, Fixec (.i0G1) Data, 
Within-Blade (Appendix B.4, cards indicated by "*"). 


(6) LOG4 Data Required, Phase II Within~Blade 


(7) Stator Surface Static Pressures, obtained from 
Phase I Reduction. 
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b. Test Points 


Test 208180514040 


1. None 
2. None 
3. None 

4. STATICN ELCCKAGE 

1 veOLC00 

4 0.00C00 

s &ed0CCO0 

4 G.octoo 

§ CeCCCOd 

é C5209 

T C.Gu000 

8 eT E205 

S 095406 

16 eo BEGOG 


Ae ee ng ee a I i Ee MR ee EE gg ee Ne OO ee ge i eRe eR ER REE Pe NG) Se en Pe A ie anes oe Reale eae 


SCLUTION TYFE ING 


STATICN 4 2 3 


WITHIN-BLADE ONLY 


5. None 
6. 2ITIZ SLNZRALISLO 


4e CU0R)D 


0.0u00 
1.99000 


OUTLET RAOIUS = 
4= COORD 

«2000 

04 990 

26000 

«8C00 

SUTLET RADIUS = 
M=- C002) 

«2000 

e400u 


«6000 
«8000 


Lo ES ing A A ae ee a ee ee a oe 


CISTRIGLTICN FACTCR 


1.0060 
1.0060 
1.0006 
1.CO00 
C.cocd 
C.0600 
1.0000 
1.COCO 
1.0000 
1.€060 


ICATCRS 


4 5 € 7 @ 9 iC 


hMACH 0. G -0 -€ *0 -G -G -C <0 -C 


PL RF ORMANCE -ISS 2 POINTS OSVIATION 4& POINTS 
LOSS LOSFF/TOTAL LISS COCFF 


0.9909 
1.0099 


?oo499 


JIVIATION ANGLE (JEGREES) 


DEVIATION ANGLE (3JEGREES) 


1.27090 
-1.7300 
-2.5409 
-4.3809 
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; 
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‘ 


$e pee 


JUTLET RADIUS = 7.9130 


4~ CUVR) DIVIATION ANGL2 (JIGREES) 


22009 -1.1490 
04000 “1.5009 
253090 -2.2800 
23009 - 3.3499 


OUTLET AaJTUS = 341291 


1-CU0RY JeVIATION ANGLE (JSTGREES) 


b 
: 
| 
| 
i 
| 


02909 -1.14090 
«+009 -1.5600 
20000 -2.2300 
«3009 -3.9490 


OUTLET RADIUS = 3.3302 


M- COORD JAVIATION ANGLE (JZGREES) 


©2009 71.3309 
04000 -1-52600 
03900 72.3730 
3009 4.0100 


OUTL=T xADIUS = 3495399 


1- CUORV JIVIATION ANGLE (JEGREES) 


©2u09 ~1.9800 
04909 ~2.7000 
ecJ0) ~ 3.9509 
© 3J09 6.3409 


STATOR SENZRALIS.) PUKFORUMANSE LOSS 2 POINTS OSEVIATION @ POINTS 
4-CU92) L933 COCFF/TOTIAL LOSS COEFF 


0.0003 0.9009 
1.uv0) 41-9008 


QUTLIT FAJIUS = Jeu dI0 


4° CIOXS JiIVEATION ANGLES (J TGREES) 


yedu0) 21900 
0293 01190 
04909 ©1530 
«6900 22209 
00093 23800 

1.0304 1.9090 
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oe ee eee 


NUMBER OF TEST POINTS TO Se ANALYSED = 1 


PSCALZ= 1.50 PLOWLX= 14.90 GAMPF= 5.000 NSAVZ= 1 NEX= 2 


STATITON %UCKAG JISTRIRUTION FACTIR 


1 2.Qu0du 1.1902 
2 9.90090 1.9009 
3 0.9u000 1.0000 
4 0.0u099 1.909) 
> 005000 05900 
io) 005000 05009 
7 eU7ed0 «2200 
a 05400 y.9099 
oe] 205406 1.0090 
10 002490 1.0099 
11 609990 1.9000 
12 299109 1.900 
13 269200 1.9009 
1+ 09939u 1.9009 
1& e000990 1.9000 
16 o03000 1.0099 
17 005499 1.9699 


SOLUTION TYP. LwUITATIRS 


STATIUN 42 2 3 + 2» oo ¢f 3 9 10 14 12 13 16 15 16 17 
NACH US 1h a aye eh ed spe Ae a) eo 0 


PIOLTION NU. Sia ee ma 

ae 13.18% 

2 12.947 
Lre35e 
13.579 
i4+.325 
17027h 


; eee ad 
2D0-%', 


MOG WU 4 be 


PS 
240251 
Loes2! 


loe2.4 


ro 


a ft 


27h 


ce RT TO EE EE FY SEO EE EE VT TT RN OTT EVR ETS CP ee om 


Test 208180106840 


1. None 4 
2. None F 
3. None 
4. STATICN ELCCKAGE OISTRIBLTICN FACTCR ‘ 
1 C.00006 1.00060 i 
Z GoLiCOC 1.0000 
2 C.0C000 1.0000 
4 6.00000 4200060 i 
5 e0¢509 CeCOCS : 

€ 002500 t.tdd0 

7 065096 420000 

& oL7€00 4.6000 

9 265400 426060 

it C5406 1.0000 


SCLUTION TYFE INCICATCRS 


STATICN 1 2 3 4 5 € 7 @€ 91 
NMACH G6 G6 -6 -€ -G -G -0 -0 -0 -C 


Test 208180315240 


1. None 
2. None 
3. None 
4. STATIGN 4S3LCCKAGE ODISTRIBLTICN FACTCR 
1 0.06800 41.9000 
2 0.06C00 1.0060 
3 0.00000 1.0060 
& 0.00000 1.0000 
5 002596 ¢.0000 
E 002506 0.0000 
7 005600 1.0000 
8 014300 1.0000 
9 005400 1.0000 
16 005400 T-G000 


SCLUTION TYFE INOICATORS 


STATICN 1 2 3 4 5 € 7 8 9 2C€ 
NMACH 0 0 -0 -€ -0 -0 -6 -0 -0 -90 
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Test 208180415840 


wee et NF a 


1. None 
2. None : 
3. None 
4.  STATICN BELCCKAGE DISTRIBLTICA FACICR 
1 C.00000 1.0006 ; 
Ya C.000G0 1.0006 
3 C.bc0c00 1,0900 
& C.ccococ 1.C006 
5 C2500 G.000C 
é 0de509 0.9006 
7 05006 1.C00C0 
8 eLE266 1.090 
g 065406 1.€069 
16 65406 41.0060 


SCLUTIGN TYFE INOICATCRS 


STATICN 1 2 2 4 5 € 7 @ Qg ic 
AMACH C 0 "0 -€C “0 -C -G -0 <0 -¢ 


Test 2081806840 


1. None 
@. None 
3. None 
4. STATICN BLCCKAGE OISTRIBLTICN FACTCR 
1 0.00006 1.¢C000 
2 C.9C006 1.0000 
A: G.d0C906 1.0060 
4 C.0CCCO 1.0000 
5 0392500 0.C000 
€ eGe500 C.coce 
7 -65009 1.0080 
8 o2C00G 1.06000 
S 05400 1.0C0C0 
1c 095409 1.0069 


SCLUTICN TYFE INCICATCRS 


STATICN 1 2 3 4 5 € 7 6 Q iC 
AM ACH 9 0 *G -€ <0 -€ -G -C -0 -f¢ 
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Test 208180612740 


1. None 
2, None 
3. None 
4. STATICN BLOCKAGE OISTRIBUTION FACTCR 


i C.0cG00 1.0000 
z ve0GC00 1.0000 
3 0.00000 1.0000 
4 0.00000 1-008 
5 002500 0.6000 
6 «02500 TeCOGC 
7 05000 1.9600 
8 218500 1.0000 
S 005400 1.0000 
10 005400 1.0000 


SOLUTION TYFE INDICATORS 


STATICN 1 2 3 4 5 € 7 8 Y9 4T 
NMACH 0 0 -0 -€ -0 -G -0 -0 <6 -€ 


Test 208180711240 


None 
None 
None 
STATIGN @LOCKAGE OISTRIBLTION FACTCR 


oo © e@ @ 


awn— 


1 C.06C00 1.0000 
2 G.OcCOd 1.0060 
3 0.00C00 1.0000 
4 0-0CC00 1.0009 
5 062500 €.0000 
€ 002500 C.coo0 
(3 eC500G 1.06060 
g o1€C00 1.0000 
5 005405 1.0060 
ic eG54C9 1.0066 


SOLUTIGN TYFe INDICATORS 


STATICA 1 2 3 4 5 € 7 @ 9 1C€ 
NPACH 0 0-0 -C -0 -0 -0 -0 -0 -C€ 


= ATT ree ree, ees SP > PARSE Sa 3 Fre pn rah FT TS PTA Ae SES LD Asc ze 
en ao FRE CSTE AG ae a Ue PRE Fe Saas ae = ee tes 
CE 5 TPA eee ee TOaNe EAR I Seat is F riact STE PE EOI Pa Re AT SPREE SUT LT Ie eee eT PTF ¥ 


Test 208180901340 


1. None 

2. None 

3. None 
4. STATION BLCCKAGE OISTRIBLTION FACTCR 
q 1 0.00000 1.0060 
; Zz C.ccclog 1.00060 
: 3 0.06000 4.0000 
: 4 Ge00699 1.0090 
q 5 ob2500 C.00G0 
: 6 .02600 C.CO00 

7 e05C0C 1.6060 

ki 8 o1€600 1.0002 
F g -0f4c0 1.6000 
E: 1¢ 05400 1.0009 
4 SCLUTICN TYFe INGICATCRS 
: STATICN i 2 3 4 5 € 7? 8 9 14C¢ 


NMACH C 0-0 -C -0 -9 -C -0 -0 -G 
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Test 208220415050 


1. 14.0916 15.0 30.0 

2. None 

3. None 

4. STATICN BLCCKAGE ODISTRISUTICN FACTOR 


1 G.uG060 1.0000 

2 0.000006 120000 

3 0.06060 129090 

4 G.0C0C0 160000 ~~" 
5 002500 0.0000 

6 732500 0.0009 

7 ef5000 1.0000 

8 01300 1.0000 

3 005490 1.0000 
10 e054 | 41-0000 


SCLUTICN TYFE INDICATORS 


STATICN 2 2 23 4 & 6 7? 8 9 107° 
NVACH 0 0-0 -0 -0 -0 -G -3 -0 -0 


WITHIN-BLADE ONLY 


5 None 


M-CGORD LOSS COZFF/TOTAL LOSS COEFF 


0.0000 3.0000 
1.9800 1.9050 


OUTLET RAVIUS = 7.5499 


4#- COORD DEVIATION ANGLE (JEGREES) 


©2000 -1.4700 
04000 -2.-0000 
26000 229400 
e5000 -5.0700 


OUTLET RADIUS = 7.7254 


4- COORD UEVIATION ANGLE (DEGREES) 


©2000 -1.2700 
24900 -1.7300 
©6000 -225400 
o8000 ~4%-.38390 
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6. ROTOR GeNZRALISED PERFORMANCE LOSS 2 POINTS DEVIATION “& POINTS 


EO TPE EE ER ok CRG SER TS EE SE hs ai 2 


OUTLET RAJIUS = 
; M=- COO 


©2000 
«4000 
«6000 
°5000 


OUTLET RAQIUS = 
4° CIO21) 


©2000 
©4000 
25090 
«38000 


OUTLET RADIUS = 
4- T9020 


©2000 
©4900 
«5000 
©3008 


OUTLET RADIUS = 
A= COORG 


«20090 
©4000 
«0900 
©8609 


Me COORD 


0.0000 
1.0000 


OUTLET FAUIUS = 
4- COORD 


0.0000 
2000 
«+000 
26009 
28000 

1.0000 


STATOR GENERALIS IO PERFORMANCE 


7239130 
BevVIATIGN ANGLE 


1.1400 
-1.5500 
-2.2800 
- 3.9490 


3.12391 
UcVIATION ANGce 
-1.1409 
-1.5600 
-2.2809 
-3,.39400 
8.3032 
DEVIATION ANGLE 
-1.3300 
-1.3200 
-2.0700 
-4.5100 
306099 
DEVIATION ANwLE 
-1.3800 
-2.7000 


-3.9600 
-.8409 


(JEGREES) 


(JEGREES) 


LOSS 2 POINTS 


LOSS COEFF/IOTAL LOSS COEF 


0.0000 
1.0000 


veU0U0 


OSVIATION ANGLE 


©1990 
01100 
©1500 
02209 
© 3800 
1.0000 
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(JEGREcS) 


Lar aon be cabo ea Beas 


DEVIATION § POINTS 


A NPR at oA, 


Ae 


aera 


Er TR -_ SECT CF Te ERENT Ea Fh ae BATRA Me ER 
+ LEYS TET ET ETT Ee a Be MOC E ES eS TEE FRR ATS PARE ORE ZTE STS TIN OEE EY Le RSET Pe Sp Ne ee ¥ PRS ? Ee 


Sf 


NUMBER OF TEST POINTS TO BE ANALYSED = 1 


PSCALE= .50 P.OWZR= 14.00 DAMPF= 5,000 NSAVE= 1 NEX= 2 


ogee hae La Et BN Ler tat Sale tt en PhS BAL © 


STATION S8LOCKAGE OISTRIBUTION FACTOR 


Nee SSS et 


1 0.00000 1.0000 
2 0.00000 1.0000 
3 0.09060. 1.0000 
4 0.00000 1.0000 
5 605000 ©5060 
6 °05000 05000 
7 005400 ©3560 
‘8 «05400 0.0000 
9 205400 1.0090 
10 205609 1.0009 
11 09000 1.0000 
12 09100 1.0000 
13 209290 1.0000 
14 -99300 1.0009 
15 200000 1.0000 
16 «08000 1.0000 
17 205400 1.9000 


SOLUTION TYPE INOICATORS 


STATION 1 2 3 4 5 »o 7 8 9 40 114 12 13 16 15 16 17 
NM ACH 0 #0 -0 -0 -0 -0 -0 -0 -0 “0 -0 -0 0 -0 -8 -0 =D 
SS 
7. POSITION NO- PRESSURE (PSIA) 
4 12.798 
12.562 
13.725 
144-052 
16.369 
162168 
16.J87 


NOW FS WN 


PS 
16.716 
17.384 
47.005 


ah 


a “ BOUT Pe ee Fe ipod A Hee TA APR TISSE WPT ATER ee re ee 


Test 208220215850 


1. 14.0916 15. 30. 
2, None 
3. None 
4. STATICN 3LCCKAGE OISTRIGLTION FACTOR 
1 C.66060 420000 
2 6.05000 41.0060 
3 GeiClOL 1.0080 
4 ve-0C050 1.99090 
: 5 202598 0.0090 
; 6 092560 G.0600 
E 7 65809 1.0009 
E 6 012600 160099 
: gy o0E459 1.0089 
4 10 eo GEKSE 1.9606 
f SCLUTION TYFE INDICATCRS 
q STATICN 1 2 3 4&4 5 6 7 6 9 19 
2 NY ACH 0 6G -0 -0 -0 -0 -6 -0 -0 -0 
E Test 208220315550 
3 1. 14.0916 15. 30. 
4 2. None 
3. None 
4. STATICN 3LCCKAGE DOISTRISUTION FACTOR 
: 1 G.ccovd 1.0003 
i 3 9.6C00C 166003 
: 6 ef 2566 6.0000 
4 7 oGE0L0 1.0000 
. 8 014304 1.-000C 
) oFELOG 1.0006 
1¢ 0 GS408 4.0C0C 
4 SCLUTICA TYFE IbGICATCRS 
a STATICN 1 2 3 4 5 6 7 8 9 40 
NACH J 6 9b $0 22 -0 <6 <0 -0 +9 
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Test 208220514450 


}. 14.0916 15. 30, 

2. None 

3. None 

4. STATICN 3LCCKAGE OISTRIBLTICN FACTOR 


E 1. 0.00006 1.0900 
: 2 0.0G6GU 1.09000 
: 3 0.uG0Ct0 1.9000 
k 4 0.06006 1.0000 
F 5 0.0c060 0.0000 
: 6 oc520C 0.0000 
5 7 0.CCCOG 1.0000 
8 o1€306 1.0000 
‘ 9 605400 1.0000 
q 10 oCEKOC 1.0006 
d SCLUTIGA TYFE INSXCATORS 
4 STATICN 1 2 3 4 5 € 7 8 9 49 
; NPACH G C0 -G -C -0 -G +0 -0 -0 
j Test 208220613650 
1. 14.0916 15. 30. 
2. None 
3. None 
‘ 4. STATICN GLCCKAGE OISTRIGLTICN FACTOR 
§ 1 0.46000 1.0000 
4 2 0.0¢000 1.0000 
3 0.66006 1.0000 
q 4 0.0cocc 1.0080 
5 002500 0.0000 
: 6 062500 0.0000 
4 7 205000 1.0000 
7 9 oGE40C 1.0000 
: 10 -0E460 1.7000 
4 ; SCLUTION TYFE INDICATORS 


STATICN 1 2 3 4&4 5 6 7 B 9 10 
NMACH 9 0-9 -0 -0 -0 -0 -0 -0 -0 
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Test 208220712550 
1. 14.0916 15. 30. 
2. None 
3. None 
4. STATICN 3LCCKAGE CISTRIBUTICN FACTOR 
1 0.0c000 1.0066 
2 uecCOdt 1.0000 
3 C.cCOCS 1.9000 
4 0.90000 1.0009 
5 032560 0.0000 
€ 0fez00 0.0003 
7 C506 1.0000 
8 ei20CC 1.6009 
9 095663 1.0600 
10 evE4CG 1.6006 
SCLUTICN TYFE INEICATCRS 
STATICN 1 2 2 4&4 5 6 7 8 9 40 
NMACH 9 feb “0 9% -0 -C -0 -0 -0 
Test 208220810950 
1. 14.0916 15. 30. 
q 2. None 
i 3. None 
Ei 4. STATICN 3LCCKAGE UISTRIBUTION FACTOR 
£ 
1 0.60006 1.0000 
2 0.86000 1.0600 
3 GeilO0G 1.0000 
4 §95000 1.0000 
5 002500 C.0006 
6 eCz55C 0.000C 
7 e 85000 1.0000 
8 e200 1.0006 
9 ofh40C6 1.0000 
10 efC5400 1.0000 


SCLUTICK TYFE INCICATCRS 
STATICh 


NP ACH 


1 2 3 


0 0-0 -0 -0 -0 -6 -0 “0 -0 


4 


5 


6 7 8 9 10 


ete FEED PRET PE EE HE ETI EE, PIRI Ee ee EE PPLE SEL EAL PPI POF ET ey Oe Ie LEN UE ED Me 


Test 208220907550 


1. 14.0916 15. 30. 
2. None 
3. None 
4. STATION SLGCKAGE OISTRIBUTION FACTOR 
i 0.00000 1.0009 
2 0.90000 1.0000 
3 0.0C0U0 1.0000 
& 0.00000 1.0000 
5 202500 C.0609 
4 6 002500 0.0000 
a 7 e05000 1.0000 
E 8 o1€000 1.uC00 
4 9 005400 1.99000 
Bi 1¢ eo VEGOEG 1.9000 
4 SCLUTIGN TYFE INOICATORS 
‘ STATIGN 1 2 3 4 5 6 7? 8 9 40 
NV ACH 0 0-0 -0 -0 -0 -0 -0 -0 <0 
ag 
2 
3 
P i 285 
"4 


a 


y 
“4d 
4 
a 
a 
i 


r pene ee ETE ee Pee eae Na te WSR NIA 
LUTE RNY TUNE PEE CPR BWI TE PE WN Be 8 SIT MGT EINE eT PILE TENTS RG 


Test 208221315260 


1. 14.0916 15.0 30.6 
2. None 
3. None 
4. STATICN ULCCKAGE OISTRISUTICN FACTOR 
1 0.00606 1.0000 
2 0.d0C8RC 1.90006 
3 0-6C09C 1.0000 i 
4 0.0CO00 4.0000 
5 of25u0 0.00990 
6 0025056 0.0009 
7 e05Q0C 1.000C 
8 015300 1.0009 
9 0 O0S4U0 1.0009 
10 005405 1.9008 


SCLUTICN TYFE INCICATCRS 


STATICN 4 
NMACH a 


WITHIN-BLADE ONLY 


5. None 


6. ROTOR GeNex AL ISEU Pe RF ORMANCE a 


A= CI0RY 


Ged3006 
1.Jud00 


OUTLZIT “AIIUS = 
4- TIO) 
«2000 
e003 
eougd 
©9000 

OUTLET HAOIUS = 
4-LUCRO 

02504 

4000 


05000 
~3000 


23 4 §& 
8-0 -0 -0 -0 <6 =-9 -0 <9 


6 7 8 9 49 


2 PUINTS OcVIGTION 4 POLIS 
t0S5 COLFF/TOTAL LOSS COEFF 


Qeduud 
1.0000 


7d 493 
D-VIATION Aluet (92GREES) 
“41.4700 
-225900 
“2. 9499 
~5.0790 


£07294 


UnVIATION ANGLE (925Ree$) 


71.279) 
1.7700 
-2.5409 
~423300 


APE SELES Oar Ba ore Fe Bi ny Cingetisee SE TAPER Ne RR eave 


OUTLET RAUIUS = 
t- COS 


«2000 
0490) 
0009 
08505 


OUTLET RAVIUS = 
1- COURG 


©2000 
©4960 
«5009 
06009 


OUTL=T rAUIUS = 
A= COIR 


02009 
«4301 
06009 
©8000 


OUTLET RADIUS = 
4- COGRI 


o2uud 
04000 
26900 
eduU00 


t= COURD 


0.0000 
1.0000 


OUILET RADIUS = 
4- CIGD 


0.0000 
22000 
04000 
«6000 

: 0000d 

1.0000 


STATIR GENERALISE) PIRFIXMANGE 


7.9130 
JEVIATION ANGLE 


1.1469 
-1.5590 
222300 
~3.94)0 


201291 
UZVIATION ANoes 
-1.1490 
-1.5600 
-2,.2800 
~3.94 90 
8e3%02 
DZViATION ANGLEE 
“1.3500 
-1.829) 
2.9799 
-4.0193 
2090099 
JEVIATION ANGLE 
-1.9600 
-2.7090 


~3.3600 
62849) 


LOSS vOcFF/TOTAL LOSS COEFF 


0.0000 
1.0099 


7.0990 
DEVIATION ANoLe 


4000 
01109 
61509 
«2200 
3803 

1.0000 
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LO 


Te ee Re Nees Re GR RI TN a ERENT av 2 Spleme ee ee RR TM ARS ae Se SASS eR Ee chat RS Fe OL PSS ea ARTES hag wean Fee Setsgn Wee Sen ELE CDR aM Nr eB SE Reem rd aR TER RI NY PN TIA IE, CP EM pt eI A Blt nt! 


(JEGREES) 


(Q2GREES) 


(J=GREES) 


(QZGREES) 


S> 2 POINTS 


(QEGREES) 


DEVIATION 5 POINTS 


50° PLEO ESO VAL BEG Shen he 
A ER h 


: EEK 25% 27S Y ; eS RS Tag SRE Kia) 
FT a Re PETROL EBA ES RLS OG AR SS ESTER 


NUMBEx OF TeST POINTS TO BE ANALYS=) = 1 
PSUALZ= 1.00 f.0Wex= 16.0u DAMPFs 20900 NSAVc= 1 NEX= 2 
STATION 3LOCKASE DISTALIITIGON FAUTIR 


1 0.v0000 1.9u00 
2 0-Gu008 1.0060 
2 0.9u036 1.0009 
4 Q.ug000 1.0000 
7) 05000 05099 
t 065008 02000 
7 0924090 - 3509 
8 002499 7.9000 
g edv40U LeJdQdu 
19 009439 1.9009 
11 035009 1.9001) 
12 007090 1-J009 
13 e03G09 1.303) 
14 e040U0 1.00900 
15 eH0099 1.0009 
1o 005009 1.9009 
17 0364990 1.9993 


SOLUTION fYP2 INyISA TOR: 


SEALS Be. 32 ER a ay SN Oy 9 10 11:12 13 146 15 16 47 
NMAC J 9 -d -9 -U -0 -0 -0 -0 =9 <9 <9 0-0 -0 -0 <9 


SS 


7. POSITION NO. PRESSURE (PST A) 


11.764 
152826 
13.842 
15.552 
15.689 
10.617 
10.785 


NOUS We 


PS 
17.752 
18.319 
19.132 


AN 


Speed ipcisy 
wand Be I BE SRT wt in NE BE 0 


Test 208221215860 


1. 14.0916 15. 30. 

2. None 

3. None 

4. STATICN QSLCCKAGE OISTRISUTION FACTOR 


1 0.06000 1.0009 
2 6.00000 1.0000 
3 0.006008 1.0000 
4 0.00090 1.0000 
5 002500 0.0000 
6 002500 0.0060 
7 605000 1.900¢ 
8 13600 1.0000 
9 005406 1.0000 
10 265409 1.0000 


SOLUTION TYFE INDICATCRS 


STATICN 1 2 3 4 5 6 7? 8 9 49 
NMACH 9 OG -0 -0 -0 -0 -C -0 -0 -0 


Test 208221315560 


14.0916 15. 30. 

None 

None 

STATICN BLCCKAGE OISTRIBUTION FACTOR 


Pwn— 
e e ee e 


i G.0c006 1.0606 
2 0.¢0600 1.0000 
3 0.0000% 1.0000 
4 — 00090 1.0000 
5 eUc506 0.0000 
6 0025C6 0.0000 
7 005000 1.0006 
8 014300 1.0006 
9 oSS4CC 1.0000 
10 0£5400 1200890 


SCLUTION TYFE INGICATORS 


STATICN 1 2 3 4 5 € 7 & 9 10 
NMACH 2 Gd -0 -6 -0 -0 -0 -0 -9 


eo © @ 


WM ww 


14.0916 
None 
None 
STATICN 


AWONOoOWEWHP 


~ 


SCLUTION TYPE INDICATCRS 


STATION 
NNACK 


14,0916 
None 
None 
STATICN 


OWOnN OU FS Wwe 


- 


SCLUTION TYFE INCICATORS 


STATICN 
NY ACH 


Test 208221514860 
15. 30. 


BLCCKAGE 


0.0000 
0.09090 
0.60005 
0.00000 
0.00605 
005209 
G.G00CC 
©1639 
005459 
065400 


1 <2... 


Test 208221614460 
15. 30. 


BLCCKAGE 


0.6i690 
0.03000 
VeICCSE 
GolLVIC 
00¢566 
e0c5GL 
eI5000 
018580 
eSS406 
0 0S400 


L- 2° 3 


9 0 -G =9 +0 -0 -6 =0 <0 <9 


DISTRIBUTION FACTOR 


1.0006 
1.0000 
1.0000 
1.0000 
0.0000 
0.00006 
12-0000 
1.0000 
1.0090 
1.0000 


6 7 8 
0 bd -0 -C “0 -6 -9 <9 -9 


DISTRIBUTION FACTOR 


1-9900 
1.9000 
1-00900 
1.0099 
G-0000 
C.0000 
1.9690 
1.9000 
1.0000 
12-0000 


7 8 89 au 


AMEE PY arate ie ea tO SE EY AP HAT te gap ak ame a eR 


wee eR BYERS eS Staats 


BAS OT eS RAE eee a A SED Rae 


Test 208221713660 
15. 30. 


PWNH 
° e oe ry 


14.0916 
None 
None 


STATION @SLCCKAGE OISTRIGUTION FACTOR 


SOWOAN AWS WN 


ron 


0.03000 
0.06000 
0.09060 
0.06000 
oSc5C) 
002566 
eG5000 
©1€000 
of54U0 
005400 


SCLUTION TYFE INGICATORS 


STATION 
NMACH 


1 2 3 
9 6-90 


Test 208221812760 


14.0916 
None 
None 


4 5 6 7 
~0 6 


15. 30. 


1.20002 
1.0000 
1.00006 
120000 
0.3000 
0.0000 
1.0000 
1.9009 
1.00006 
1.0000 


8 9 10 


-0 -G -0 -0 -0 


STATICN SLCCKAGE OISTRIBUTICN FACTOR 


Ow anu wh 


we 


SCLUTICN 


STATICN 
NACH 


0.86006 
9.60000 
0.06000 
0.00006 
0372500 
082500 
095006 
029000 
05400 
005400 


TYFE INDICATORS 


k 2 3 


re 


4 5 6 


3 90-0 -0 -6 -9 


1.0000 
1.9000 
1.0600 
1.0000 
0.0060 
6.0000 
1.0000 
2129000 
120000 
1.0000 


7 8 9 40 
-G -0 -0 -3 


eo 335 x SSE CHSC: % 
Bg OR: rE SUES PRATER AE ED BE Cee PE SE SUPA SP TIER OT OPA TE? SE ES RE EPR RPS tg OP Ie PS ¥ 
BB OAT TIT EEF RO Re GP nae 

F 

i: 


| 
| 


‘ 
4 
: 
: 
‘ 
‘ 


Test 208221911060 


1. 14.0916 15. 30. 
2. None 
3. None 
: 4. STATICN S3LCCKAGE OISTRIBUTION FACTOR 
f 1 0.00000 1.0000 
E 2 0.0c000 1.0000 
E, 3 G.6¢6000 1.0000 
J & 0.06000 1.0000 
F 5 002500 0.0000 
F 6 0025090 0.0000 
ql 7 05006 1.0000 
EE 8 ei60C0 4.0090 
9 045400 1.0000 
16 005400 1.0000 
Bi SCLUTION TYFE INOICATORS 
a STATION 14 2 3 4&4 5 €6€ 7 86 9 149 
a NMACH 9 9-0 -0 -U -0 -6 -0 -0 -0 
a 
13 


b ; 292 


Test 208240215670 


1. 14.1586 15.0 
2. 4 11 

0 0 

1 10 

3 10 
3. None 
4, 


STATICN 3LCCKAGE 


@.00006 
0.06606 
0e0t00u 
0.99000 
ov c5E0 
092506 
e509 
o12206 
eo 2h40u 
ob S406 


SOOnaOaNSAaNne 


res 


STATICN 14 2 3 
NMACH J € 92 
NITHIN-BLADE ONLY 
5. 2 1 
2 11 
2 11 
2 11 
4 11 
6. 0 
Me GCNOURD 
0.0000 
1.0000 


OUTLET RAQLUS = 


M- COORD 


2000 
e4000 
06000 
«8000 


oooce 


----SCGLUTIGON TYFE INGICATCRS oi 


4 
=) 


ROTOR GENERALISED PERFORMANCE 


DEVIATION ANGLE (JEGREES) 


OISTRIGUTICN FACTOR 


121900 
1.9000 
1.9000 
1.0609 
0.0960 
€.9600 
1.3000 
1.0000 
1.0000 
1.0060 


> 6 7 86 9 19 
“0 -8 -9 -0 -3 99 


Oss 


0.0000 
1.20000 


7.5499 


-6.0000 
-6.0000 
-6.5006 
-9.5000 


2 POINTS OQEVIATION & POINTS 
LOSS COEFF/TOTAL LISS COEF= 


ETT ee atom Eada Dae eee eee 


Say FR ay a am 2 ‘ate Tete 7 
Se ee ee SAS PSOE TENE LEER CE RE LEY OY BEL 
Te REPRE RTL? TT 7 ee 
‘* ayy bs 


OUTLET RADIUS = 7.9180 ; | 


M- COORD DEVIATION ANGLE (JEGREES) 


2000 -6.0000 
©4000 “6.0000 
©6000 “6.5000 
8060 -8.5000 


OUTLET RADIUS = 8.6699 


M= CO020 DEVIATION ANGLE (2EGREES) 


2000 -6.0000 
©4000 -6.0000 
©6000 ~6.7000 
«8000 -11.8000 


STATOR GENERALISED PERFORMANCE LOSS 2 POINTS JEVIATION 6 POINTS 
M=COORD LOSS COEFF/TOTAL LISS COEFF 


0.0000 0.0000 
1.0000 1420000 


OUTLET RADIUS = 9.0909 = 


4-COO0RD DEVIATION ANGLE (DEGREES) 


0.20000 ©1000 
«2000 ©1100 
«4900 «1500 
«6000 ©2200 
«8000 «3800 
1.0000 1.0000 
NUMBER OF TEST POINTS TO BE ANALYSED = 1 
PSCALE= 1.50 PLOWER= 14.00 OAMPF= 5.000 NSAVe= Whe & 


“> i ‘. 7: pba <3 oe ee 
, hier suastah tc: fSles vot BA ERT EE SS ee NS re LT REN Sar EL toa EE RU NI REA E Ue cere ATMEL SE MATEO Ee Sh oi AED Ei AER EEE Bebe te EG ESE ER SHI AR PAR EE LE SOLE Se ad BEEN Le ATE OAS AEP MEERA RTH SIRES Me SS CERES 
ve hana tne ee gr a ~ . ~ - mee oo ae ae, 


STATION BLOCKAGE OISTRIBUTION FACTOR 


1 0.00000 1.9000 
2 0.00080 150000 
3 0.00080 1.0000 
& 61000 1.0000 
5 01000 1.0000 
6 201500 ©5000 
? 02000 ©5000 
8 202500 ©3500 
9 602500 2000 
10 005500 1.0000 
11 03000 1.0000 
12 05000 1.0000 
13 207000 1.0000 
14 009000 1.0000 
15 06000 1.0000 
16 08000 1.0000 
17 205400 1.0000 


SOLUTION TYPE INDICATORS 


STATION 1 2 3 4 5 6 7 8 9 140 11 12 13 16 25 1617 
NMACH 0 0 °0 -0 -0 -0 -0 -0 -G -0 -G -0 0 -0 -0 <0 -9 
ss 
7. PJSITION NO. PrESSURE(PSIA) 
L 11.677 
C 32453 
140253 
16.372 
176782 
18.242 
18.748 


NO WF GN 


PS 
19-55 
21 e154 
21047e 


i 
d 
3 


F 295 


Test 208240315570 


: 1. 14.1586 15, 30, 
| 2, 4 1 


0 
0 0 0 
1 10 0 
3 10 0 
3. None ; : 
4. STATICN PLCCKAGE SIST&IGLTICN FACTOR 
1 OecGGeG 1.9000 
2 Ge C5659 1.000% 
3 Cb ebL90G 1.0¢69¢ 
4 CG o8t0I6 1.0600 
5 oG2564 Osvd0U 
‘6 0925.0u C.0600 
7 ecEOEE 465008 
8 014369 1.06038 
) eGshue 1.09690 
16 


2d840g 1.0006 
SCLUTIGN TYFE INCICATCRS 

STATICh 1 2 3 & 5 6§ 7 8 9 49 
NVACH = 2G #l =O 98 #G§ mh Wg =G 29 


Test 208240415370 


1. 14.1586 15, 30. 
e, 4 7 0 
0 0 0 
J 10 0 
3 10 0 
3. None 
4, STATIGN SECCKAGE OISTRIBUTION FACTOR 
1 vettOug 1.5000 
2 Gol408¢ 1.9059 
me) 0e0lL0%G 1.39900 
4 Ueucsdla 1.0000 
5 ose5uc 6.9003 
6 002536 €,9006 
7 eSEGOCL 1.50090 
é 01 S366 1.9609 
9 236493 1.429006 
du 0 T5455 1.9059 


SCLUTION TYFE INDICATCRS 


STATIGCN 1 2 3 &§ 5§ 6 7 6 3 19 
NMACK Q Df <0 -G -9 =% <9 =f og 
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oe et ee 


Test 208240515070 


a mE 1 


Le a TE FE EN eT 
a a 


| 1. 14.1586 15, 30. 

| 2. 4 11 0 

0 0 0 

] 10 0 

| 3 10 0 

3. None 

4. STATIGN. JLCCKAGE GISTRIBUTICN FACTOR 

| 

‘ 4 GeLH0EE 429005 

2 CeE0L6 1.0062 

i 3 $.u%000 1.0096 

‘ rr Q.Osb0R 1.960# 
5 euz560 C.0y00 
6 uZ5u6 O.acec 

| 7 eustlu 1.uG06 
6 o1€Sut 4.0000 

9 6CEGGL 1.0006 

dy egshay 1.0669 


SCLUTION TYFE INCICATORS 


STATICNH 4 € 3 4 
NMACK JG oh #3 245 


Test 208240614270 


1. 14.1586 18: 30. 
2. 4 1 0 
0 0 0 
1 10 0 
3 10 0 
3. None 
i 4. STATICN 3LCCKAGE OISTRIQUTION FACTOR 
1 GCeluliu 129000 
2 UeOulUG 1.0G00 
3 OeCvGUl 1.3009 
4 Oevsles 1.9099 
; 5 0d250G G.9004 
‘ r) eCe5ul 0.0069 
7 eb bie 1.0090 
8 018050 460086 
9 obb4UG 1.9600 
Le eUSGCY 1.0003 


SCLUTICN TYFE INGICATCRS 


STATICN 21 2 3 4 5 6 7 86 9 16 
NMACH je OS Sh ese Se) <0 
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EE TER AE TT 
a BOS iee: SES e eed a ~ 
SaeaINER 4 a ichaintod tte oc ele ae eal Tee a IE 


b 
i: Test 208241115832 
1. 14.1586 15.0 30.0 
2. 4 11 0 
0 0 0 
1 10 0 
| 3 10 0 
3. 2 14 5 | 2 
4, STATICN 3LCCKAGE CISTRIBUTION FACTOR 
PO 4 Jebsuge 40)uu9 
| 2 JeorrclCl 1.500 
: 3 gevcviet 1.5295 
, | by 9604625 1.0090 
— 5 652726 C.2d00 
6 ev27ob GedONe 
| 7 echGGe 409G06 
3 e11926 405C92 
g ovehal 4.9506 
de eG SL 4.3903 
| SCLUTION TYFe INCICATORS 
k 
A STATICN £ 2 2 &] 8 9 7 8 ¥ 43 
NMAC Vou $3 $0 9a oy 9G 99 9G 29 
WITHIN-BLADE ONLY 
2 17 0 
2 11 0 
2 11 0 
2 , 0 
4 11 0 
ROTOR GENERALISED PERFORMANCE LISS 2 POINTS DEVIATION & POINTS 
M-COO%D LOSS COEFF/TOTAL LOSS COEFF 
0.0006 0.0000 
1.0000 4.0000 


OUTLET RADIUS = 7 
4- COORD 


©2000 
«4000 
«6000 
«8000 


05499 

DEVIATION ANGLE (UEGREES) 
~8.4000 
~8.3000 


10.5000 
714.4000 


298 


ae nein 2 en etree Sap nn 


rete es tne oe tm a tee eterna tnttateeletininns- “vines * © sieht snipe NRi Det aalSAORNE 


OUTLET RADIUS = 
M= COORD 


e2u0e 
04000 
66000 
©8000 


OUTLET RADIUS = 
M- COORD 


«2000 
«4000 
ed00U 
«8000 


729180 


DEVIATION ANGLE 


-8.3000 
-8.4000 
-10.3000 
-13.7000 


3.6699 
DEVIATION ANGLES 


-8.3000 
-3.4000 
-11.0000 
-14.0000 


STATOR GENZRALIS£D PERFORMANCE L 


(QEGREES) 


(JEGREES) 


9SS5) 2 POINTS DEVIATION 6 POINTS 


M-COCRD LOS3' COEFF/TOTAL LOSS COEF= 
0.0000 0.0000 
1.0000 1.0000 
OUTLET RADIUS = .0.0090 
4- C0020 DEVIATION ANGLE (3-GREES) 
0.0900 ©1000 
©2000 e1100 
©4909 ©1500 
©6000 2200 
©8006 ©3600 
1.0000 1.0060 
NUMBER OF TEST POINTS TO 3E ANALYSED = 1 


PSCALE= 1650 PLUWER= 14.00 DAMPF= 


5eU00 NSAVZ= 1 NEX= 2 


a en cea 


ee Re Ee a SEE ele tp regen eg tga MEET LTR I Se eee ee eg a wR a ag gee ge See Ae Ma Res ee Ce See ans Oe MONO MR Me eee ae Se © ee Te Pe el ae ee ae ee eee ee 


STATION S3LOCKAGE OISTRIBUTION FACTOR 


1 0.00000 1.0000 

2 0.00000 1.0000 

3 0.0u000 1.0000 

& 041000 1.0000 

5 201000 420000 

6 201590 05000 

7 02000 5000 

| 8 002569 22000 
9 02000 0.0000 
10 205500 1.0000 
| 14 203000 1.9300 
12 205000 1.0000 

13 207000 1.0000 

14 209000 1.9000 

15 06000 1.9000 

16 206000 1.0000 

17 005400 14.9000 


SOLUTION TYP& INOICATORS 


STATION 1 2 3 4 5 6&6 7 8 9 19 14 12 143 14 15 16 17 
NMACH 0 0-0 -0 <9 -0 -0 -0 -0 -9 -0 -0 0 -0 -0 -0 -0 


ss 
7. PUSITION NO. PRESSURE(PSIA) 
11.393 
1.824 
162394 
17.341 
19.555- 
196418 
192804 


Sire ee ag eg ge eae NA EOR ENE PML Gee Gees ee I NC OE ara ge a 


NOUS OME 


PS 
21.510 
23.187 
23.597 


GN & 


oe ee ' 
i 
Test 208241215782 
4 Ce; 

1. 14.1886 18. 30. 

0 0 0 

i 1 10 0 

3 10 Gi 

_ 9.2. 14. 5.0 1 2 

j 4. STATICN SLCCKAG: DBISTRIBLTICN FACTOR 


belt 1e3038 
1.3C0L 

1.960° 

Seuubeoll 1.3¢9C 
ece7 sl G ted rGe 
ep e7te Ce Ib9G 

o JEU 56 1.568% 
et f2u8 163¢69€ 
eustoll 1.0066 
0c b4 i, 1eJivi 


COLO ONC US OTe 


rae 


SCLUTICN TYFe INCICATORS 


STATICh 
NVACR 


Mee meta ate a tg ae 


Test 208241315682 


1. 14.1586 
2. 


STATICAN 3LCCKAGE uUISTRIBUTION FACTOR 


0 
1 
3 
2 
T 


Gel Coe Levu0c 
GelhCCHr 1.)CUC 
Sebuler 1euGdc 
tel LEIS 1639S 
Ora ain GedUuC 
Aaa acne oedbGe 
pected 1edG035- 
2437 1-9tdu 
parry. LeJdibve 
eHFG SG 1-3JGC 


,Wanerwrne an 


ray 
c 


SCLUTICN TYFE INGICATCRS 


STATIGCN 4 23 & : 7 8 9 14 
NMACK y bn ‘ “Led 0 99 


304 


vaiiididibh: cabbie Aaaaaainaemete 


Ee 
a ated ateaenamia ell ciedtiadtatdih Diiian daaieriettchtadlht atites ¥iabem ite ntidindeiidahibniend am 
ST Oe Ee TR 
2 tee et eer 
] 
4 


Test 208241415582 
1. 14.1586 15. 3 
2 4 


et <es 14, 0 1 


4. STATICN 
i Ges sGic 
2 OebtNGe 
3 ves .ouds 
4 Gover 
) e278 
6 eue7 OL 
7 evSugl 
8 e1t2uu 
) ot5ugf 
15 oC 24E' 


SCLUTION TYFE INCICATGRS 


STATICN 4 2 2 uw 5 


NWMACK S over wf 93 9: 


Test 208241515382 


1. 14.1586 15. 30, 
2. WW 


YW O A 
—" 
a 


: : 14, 0 7 
4, STATICN 3LCCKAGE oe 
wesc oy 
veu Cre 
Jedui5y 
Venu. log 
ene? sf 
euEe7The 
o- bt.’ 
eisude 
othe, 


TO Me Bean op tN) 


» 


ees, 
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APPENDIX C 
MODIFIED PROGRAM LISTINGS 


This appendix presents listings of new and modified 


computer routines used in conjunction with she programs of 
References 4 and 5 to reduce the experimental test data. 
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APPENDIX D 


RAW EXPERIMENTAL DATA 


This appendix presents a listing of the experimental data 
after being dumped from magnetic tape onto computer cards. The 
first two ten-character "words" of each test contain the test 
identification number. 
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